Twelve first-calf, 2-year-old, Hereford heifers were randomly assigned in equal numbers on two levels of energy (17.6 Meal DE/day and 11.4 Mcal DE/day) beginning 100 days prepartum. Jugular blood was collected three times weekly from the heifers starting 14 days before parturition, and continuing through the postpartum period until 20 days following the first estrus. There was no significant effect of nutrition on peripheral levels of progesterone or estradiol either prior to or following parturition. Progesterone levels declined from 2.0 to 2.5 ng]ml during late gestation to 0.7 to 0.9 ng/ml at parturition and remained low until just preceding the first postpartum estrus. Progesterone levels were higher immediately preceding the first postpartum estrus in those heifers that conceived. A short estrous cycle (6 to 8 days) was observed in three heifers following first estrus. In these, progesterone levels failed to exceed 0.6 ng/ml. Estradiol levels also declined sharply at parturition and remained in the range of 4 to 8 pg/ml during the postpartum period rising at the occurrence of first postpartum estrus.
Introduction
The presence of ovarian hormones in bovine blood has been determined in a number of aAppreciation is expressed to American Breeders Service for kindly providing the semen used in the experiment.
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reproductive states. Estrogens are especially high just prior to parturition (Henricks et al., 1972; Edqvist et al., 1973; Symons, 1973; Hoffmann et al., 1973; Smith et al., 1973) . Following parturition, estrogen levels remained below 10 pg/ml and increased just prior to the first postpartum estrus (Henricks et al., 1972) . Progesterone concentrations declined markedly 1 to 2 days prior to parturition and remained low during the postpartum period (Donaldson, Bassett and Thorburn, 1970; Hunter et al., 1970; Henricks et al., 1972; Smith et al., 1973) ,
In most of these studies, dairy cattle were utilized. Similar observations with first-calf beef heifers are limited. The objectives of this study were to quantify blood plasma levels of progesterone and estradiol during the period beginning 14 days prior to parturition and ending 20 days after the first post-partum estrus in beef heifers~. The effect of two levels of dietary energy during the last trimester of pregnancy on these ovarian hormones was also studied.
Materials and Methods
Twelve first-calf Hereford heifers scheduled to calve at 2 years of age were randomly assigned in equal numbers on two levels of energy (17. with the aid of a vasectomized bull. All heifers were bred by artificial insemination at the first observed postpartum estrus. Heifers were weighed bi-weekly during the experimental period. Ultrasonic (Scan-O-Gram) measurements of fat cover over the 12th/13th rib were made 100 days prepartum and just prepartum. Progesterone and estradiol were extracted from plasma with anhydrous diethyl ether and isolated on Sephadex LH-20 columns using benzene: methanol (85:15, v/v) as the eluting solvent (Carr, Mikhail and Flickinger, 1971) . Progesterone was quantified by a competitive protein binding assay (modification of Yoshimi and Lipsett, 1968) and estradiol was determined by a radioimmunoassay (Van der Walt, Dunn and Kaltenbach, 1972) . A known quantity of 6-7all-progesterone was added to each plasma sample for correction of procedural losses. The estrogen antisera ($310 #5) was purchased from Dr. G. E. Abraham, Harbor General Hospital, Torrance, California. A mean 381 percent recovery was periodically determined by adding a known amount of ~ to plasma samples. Based on this, corrections for procedural losses were made in following assays. The blank value ranged from 0-2 pg/ml for 3 ml of plasma and recovery of estradiol ranged from 80 to 90%.
Results
During the 100-day prepartum period, heifers fed the high-energy ration gained significantly (P < .05) more weight than heifers fed the low-energy ration (+35 kg vs.-5.9 kg, table 2). Fat cover changed little (-.2 ram) in heifers fed the high-energy ration whereas in heifers fed the low-energy ration, fat cover was reduced by 1.8 mm (P < .05). In spite of the weight loss and loss in fat cover, heifers fed the low-energy ration did not have a significantly longer interval from calving to first estrus (54.8 vs. 52.7 days, table 2).
Plasma progesterone immediately prepartum and postpartum was not significantly affected by the 100-day prepartum energy restriction. Heifers fed high energy tended to have slightly higher progesterone levels on days 3 and 5 prepartum as well as the first 5 days postpartum, but the differences were inconsistent and nonsignificant. An analysis of variance showed no significant effect of energy treatment on estradiol levels prepartum and postpartum.
Because energy treatment had no significant effect, the values for progesterone and estradiol were pooled for the 12 heifers (figure 1). Peripheral plasma progesterone ranged from 1.5 to 2.5 ng/ml during the 13 days preceding parturition and then ranged from 0.7 to 0.9 ng/ml the first 7 days postpartum. Thereafter the progesterone level declined to 0.16 + 0.04 ng/ml by day 13 and stayed in this range, showing very little fluctuation through day 21 postpartum. Plasma estradiol values increased to 62.4 +. 5.6 pg/ml on the day of parturition, 
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CORAH ET AL. Beginning 20 days prior to first postpartum estrus, plasma progesterone gradually increased, reaching a peak of 0.93-+ 0.29 ng/ml 1 day prior to estrus (figure 2). On the day of estrus, progesterone fell to 0.4 +_ 0.1 ng/ml and then increased gradually during the estrous cycle, reaching a peak of 2.19 + 0.22 ng/ml on day 13 of the cycle and then declined rapidly prior to the onset of the second estrus. Estradiol (figure 2) ranged from 4 to 8 pg/ml during the 20 days prior to the first estrus reaching a peak of 8.4 +-1.7 pg/ml on the day of first estrus. During the subsequent estrous cycle, estradiol values ranged between 4 and 6 pg]ml and reached a peak of 10.0 + 1.3 pg/ml at the second estrus.
DAYS
A short estrous cycle (6 to 8 days) was observed in three heifers. During this period, progesterone failed to exceed 0.6 ng/ml while estradiol levels ranged between 6 and 8 picograms. (Data omitted after estrus in figure  2 ). All three heifers conceived at the estrus following the short cycle.
Only three heifers conceived at the first postpartum estrus. Progesterone levels in these heifers were elevated to 1.7-+ 0.4 ng/ml beginning 3 days prior to estrus, while no elevation occurred before estrus in heifers which failed to conceive (figure 3). There were no significant differences in levels of progesterone between pregnant and non-pregnant heifers until approximately day 15 to day 17 after the first estrus when the levels in the non-pregnant heifers began to decline. One of the 12 heifers showed an extended period (12 to 15 days)of elevated progesterone levels prior to onset of the first behavioral estrus (data omitted from figure 2). Thus this was the only apparent instance of a silent or missed estrous period.
Discussion.
Reducing energy intake for 100 days prior to calving markedly reduced body weight and fat cover. The change in body weight was similar to results of Dunn et al. (1969) and Bellows et al. (1972) , but in contrast to their work, the interval from parturition to first estrus was not influenced by the reduced energy intake. The failure to affect the interval in this study may well have been influenced by the excellent condition (five plus mm fat cover) of the heifers at the start of the 100-day prepartum period. Likewise the prepartum energy restriction had no apparent effect on plasma levels of progesterone and estradiot measured prepartum and postpartum. Donaldson et al. (1970) showed that short-term (4 weeks) energy restriction in mid-and late pregnancy raised progesterone levels.
Although the levels of progesterone and estradiol reported in this paper for Hereford heifers prior to parturition were not of the same magnitude as reported by previous workers for dairy cattle (Hunter et al., 1970; Henricks et al., 1972; Edqvist et al., 1973; Symons, 1973; Smith et al., 1973) , the trends at parturition were the same. The precipitous decline in plasma progesterone 24 to 48 hr. prepartum confirmed previous reports (Pope, Gupta and Munro, 1969; Stabenfeldt, Osbum and Ewing, 1970; Henricks et al., 1972; Edqvist et al., 1973; Smith et al., 1973) . Plasma estradiol peaked at the time of parturition and dropped abruptly following parturition which supports the studies with dairy catt!e reported by Edqvist et al. (1973) for estradiol and Henricks et al.(1972) for total estrogen. Mellin, Erb and Estergreen (1966) reported that urinary excretion of estradiol increased up to parturition. However, Smith et al. (1973) have reported that serum estradiol peaks at about day 2 prepartum. Wagner and Hansel (1969) showed that the corpora lutea in cows regressed from 12.7 mm on day 7 to 9.3 mm on day 14 and then showed no further change until day 30 postpartum, which supports the currently reported progesterone secretion pattern. Edqvist et al. (1973) reported progesterone values of 0.7 ng/ml 2 days after parturition, while Smith et al. (1973) reported progesterone values 0.6 ng/ml the first 9 days postpartum. Estradiol declined to between 1 and 2 pg/ml for the first 13 days postpartum, which is lower than the values of 14 to 28 pg/ml reported by Smith et al. (1973) on dairy cows for the same period. Since there are no other comparable reports on beef heifers, conceivably beef heifers have slightly lower postpartum estradiol levels than dairy cows. At day 13, the plasma estradiol levels were elevated to the 4 to 7 pg/ml range and stayed at this level until first estrus. Wagner and Oxenreider (1971) found that the interval from parturition to development of a follicle greater than 10 mm was 16 days in suckled cows. It would appear that this increased follicular size is then accompanied by an increased estradiol secretion.
The gradual rise in progesterone prior to the first postpartum estrus has been previously reported (Donaldson et al., 1970; Pope et al., 1969) . The source of this progesterone has not been elucidated. Since there are apparently no functional corpora lutea present, it is conceivable that either luteinized follicles or adrenal glands may be responsible for the pre-estrual progesterone secretion.
Of interest was the marked elevation of progesterone only in those cows conceiving, suggesting that a period of elevated progesterone may be necessary for conception at first estrus. This contention is supported by Folman et al. (1973) who observed that fertility was influenced by the level of progesterone in the preceding estrous cycle.
Plasma levels of progesterone during the estrous cycle were somewhat lower than those reported by other workers (Pope et al., 1969; Henricks, Dickey and Niswender, 1970; Henricks et al., 1972; Glencross et al., 1973) . Edgerton and Hafs (1973) have shown that the first postpartum estrous cycles have lower progesterone values than second estrous cycles. We studied only first cycles which may explain the differences between our work and the previously cited work.
In the three heifers showing a short cycle (6 to 8 days) following first estrus, there was no increase in progesterone levels, suggesting that a functional corpus luteum was not formed. Estradiol levels in these heifers were comparable to those found in heifers showing normal estrous cycles.
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